From in silico to in spectro kinetics of respiratory complex I.
An enzyme's activity is the consequence of its structure. The stochastic approach we developed to study the functioning of the respiratory complexes is based upon their 3D structure and their physical and chemical properties. Consequently it should predict their kinetic properties. In this paper we compare the predictions of our stochastic model derived for the complex I with a number of experiments performed with a large range of complex I substrates and products. A good fit was found between the experiments and the prediction of our stochastic approach. We show that, due to the spatial separation of the two half redox reactions (NADH/NAD and Q/QH(2)), the kinetics cannot necessarily obey a simple mechanism (ordered or ping-pong for instance). A plateau in the kinetics is observed at high substrates concentrations, well evidenced in the double reciprocal plots, which is explained by the limiting rate of quinone reduction as compared with the oxidation of NADH at the other end of complex I. Moreover, we show that the set of the seven redox reactions in between the two half redox reactions (NADH/NAD and Q/QH(2)) acts as an electron buffer. An inhibition of complex I activity by quinone is observed at high concentration of this molecule, which cannot be explained by a simple stochastic model based on the known structure. We hypothesize that the distance between the catalytic site close to N2 (iron/sulfur redox center that transfers electrons to quinone) and the membrane forces the quinone/quinol to take several positions in between these sites. We represent these possible positions by an extra site necessarily occupied by the quinone/quinol molecules on their way to the redox site. With this hypothesis, we are able to fit the kinetic experiments over a large range of substrates and products concentrations. The slow rate constants derived for the transition between the two sites could be an indication of a conformational change of the enzyme during the quinone/quinol movement. This article is part of a Special Issue entitled: 17th European Bioenergetics Conference (EBEC 2012).